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(54) Polycarbonate resin laminate 

(57) A polycarbonate resin laminate according to a 
one coat method with no primer layer, having a cured 
layer formed of an organopolysiloxane coating obtaina- 
ble from a blend comprising (a) a mixture of bifunctional 
alkoxysilane, Afunctional alkoxysilane and tetrafunc- 
tional alkoxysilane or a mixture of said trifunctional 
alkoxysilane and said tetrafunctional alkoxysilane and 
(b) at least one selected from the group consisting of 
epoxy group-containing silane coupling agent an#" 
amino group-containing silane coupling agent on a sur- 
face of a polycarbonate resin substrate. 



/ 
/ ■ 



EP 1 038 907 A2 

Description 

BACKGROUND OF THE INVENTION 
1) Field on the Invention 



> 



^Japnm^ resin lamina * ^ding to a one-coa, method without 

substrate. **h£52^^ ° n a surface - a P°'ycarbonate resin 

excellent weather resistance * *" SUbStrate 8,1(1 exce,lent abrasion resistance and 



2) Prior art 



XL of JSSSSSiS^ USed h in 8 "* aS serial 

ance. However, use of ^ycar^n^ ^n VT^ l^^l "-9W we.ght and provides excellent impact resist- 
weather resistance and chemlXesista^e ™ 22* characteristics such as abrasion resistance, 

resin substrate has been earnS iS*3 iZa IS^SSST^ ? SUrfeCe charact e ri stics of polycarbonate 
for coating a molded article surface o?a Svc^C2™„ T T ° f SUrtace oh a™cteristics. there is a method 
forming a cured layer compS2 ^ ^£2^^!" 9 aQent For ^.e. methods for 

loxane type thermosettng resin on a VSSL ^^yS^^^Z ' *" °' 0 ^ 0 ^ 

TOOOai Amon« +k :* ■ i M^y^etruonaie resin substrate have been suaaested 

Kres^^^ a materia, coat^an organopoly,- 

ical resistance. However. The W^ST ™ h^SS^S!? 8 rSSiStanCe and ^ellent chern- 

polycarbonate resin. P^culany wto ftf-b^^ reS ' n CaUSes a P roblem <* adhesion to a 

a problem that the coated Cr peeled off ^° n6d matena ' W8S USed ■**»■ *» « '°ng time, there occurred 

No. 

ness is sacrificed and weather resistance ^ 'ZfS^Z ,nto a coatng ' ^ in the method, surface hard- 
of polycarbonate resin tofeS?^ deteriorated in some cases. Therefore, for use 

ing as a primer is usually applied buTa^caTi of S f™* 1 * tW °" COat metnod for usin 9 an coat- 
tivity. Thus, development^ 



SUMMARY OF THE INVENTION 



SresinTaSewhlc^ 

strata to the substrate, excellent abrSesisSnce and SS! !^ ° n 8 Surface of a ^carbonate resin sub- 
without using a primer layer. ^stance and excellent weather res.stance according.to a one-coat method 

Sesio^ 

according in one coat wfthout^Ca 0 ^^ £ KSrSr 11 ^""^^ 
group-containing silane coupling agent and amino wZ a^Z , selected from the group consisting of epoxy 
coating for the cured layer, and I Uerr^re a ^XKSEI2? *T ™ or 9 an °P°^oxane 

resistance can be obtained in one coat by usSc iTSZ con! a n 2*?°? adheSI '° n excellerrt weather 
containing ultraviolet absoment provided on the ^^^1 S h T" 9 3 P 0 *"*^ layer 

[00071 That is. the present invention pravSi a 2^^^^ 

organopolysiloxane coating obtainable^ We^c^ \SSS£S^ ^ * CUred ,£ * er formed * 



era. formute (3) or a mfecturl of said trifunrt i^ by the lowing gen- 

(b) at least one selected from the groun^iS^ ^ ^afunctional alkoxysilane. and 

group-confainihgsnane coupling aVen 3 ^ 
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wherein each X, , X 2 and X 3 is an alkoxyl group; and each Y, and Y 2 is an alkyl group or an aryl group. 

[0008] The present invention provides also a polycarbonate resin laminate having a cured layer formed of an orga- 
nopolysiloxane coating obtainable from a blend comprising: 

(a) a mixture of the Afunctional alkoxysilane represented by the above-mentioned general formula (1), the trifunc- 
50 tional alkoxysilane represented by the above-mentioned general formula (2) and the tetrafuncttonal alkoxysilane 

represented by the above-mentioned general formula (3) or a mixture of said Afunctional alkoxysilane and said 
tetrafunctional alkoxysilane, and 

(b) at least one selected from the group consisting of epoxy group-containing silane coupling agent and amino 
group-containing silane coupling agent, on a surface of a polycarbonate resin layer containing ultraviolet absorbent 

55 provided on a surface of a polycarbonate resin substrate. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0009] In the present invention, a cured layer is formed of an organopolysiloxane coating from obtainable from a 
blend comprising: 

(a) a mixture of Afunctional alkoxysilane represented by the following general formula (1), trifunctional alkoxysilane 
represented by the following general formula (2) and tetrafunctional alkoxysilane represented by the following gen- 
eral formula (3) or a mixture of said trifunctional alkoxysilane and said tetrafunctional alkoxysilane and 

(b) at least one selected from the group consisting of epoxy group-containing silane coupling agent and amino 
group-containing silane coupling agent, on a surface of a polycarbonate resin substrate or on a surface of a poly- 
carbonate resin layer containing ultraviolet absorbent provided on a surface of a polycarbonate resin substrate- 
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wherein each X, . x 2 and X 3 is an alkoxyl group; and each Y t and Y 2 is an alkyl group or an aryl group. 

[0010] It is preferable that each X, and X 2 is an alkoxyl group having 1 to 2 carbon atoms; X 3 is an alkoxyl group 
having 1 to 3 carbon atoms; and each Y, and Y 2 is an alkyl group having 1 to 2 carbon atoms or a phenyl group 
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[0011] That is, the above-mentioned blend is subjected to hydrolysis and partial condensation in a solvent in the 
presence of an acid catalyst to obtain an organopolysiloxane coating and then the organopolysiloxane coating thus 
obtained is coated on the above-mentioned surface of the substrate or the polycarbonate resin layer and then cured, 
thereby obtaining a cured layer on the above-mentioned surface. Thus, the polycarbonate resin laminate of the present 
5 invention is produced. 

[0012] Examples of the Afunctional alkoxysilane include dimethyldimethoxysilane, dimethyldiethoxysilane, diphe- 
nyldimethoxysilane and diphenyldiethoxysilane. Examples of the Afunctional alkoxysilane include methyltrimethoxysi- 
lane, methyltriethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, phenyltrimethoxysilane and 

. phenyttriethoxysilane. Examples of the tetrafunctional alkoxysilane include tetramethoxysilane, tetraethoxysilane and 

10 tetrapropoxysifane. 

[001 3] Regarding the mixing ratio of the above-mentioned alkoxysilanes and silane coupling agent, it is preferabel 
- that 0 to 25 % by weight of the Afunctional alkoxysilane, 40 to 80 % by weight of the Afunctional alkoxysilane, 1 0 to 25 
% by weight of the tetrafunctional alkoxysilane and 5 to 1 0 % by weight of the silane coupling agent and total percentage 
of Afunctional alkoxysilane, trifunctional alkoxysilane, tetrafunctional alkoxysilane and silane coupling agent is equal to 
is 1 00 % by weight. When the Afunctional alkoxysilane is added above 25 % by weight or the trifunctional alkoxysilane is 
added above 80 % by weight, abrasion resistance is deteriorated. When the tetrafunctional alkoxysilane is added above 
30 % by weight, adhesion to the substrate becomes poor, whereas below 10 % by weight abrasion resistance is dete- 
riorated. 

[0014] As the silane coupling agent to be used in the present invention, at least one selected from the group con- 
20 sisting of epoxy group-containing silane coupling agent and amino group-containing silane coupling agent is preferable. 
The silane coupling agent is used in the range of 5 to 10 % by weight based on 100 % by weight of total percentage of 
Afunctional alkoxysilane. trifunctional alkoxysilane, tetrafunctional alkoxysilane and silane coupling agent When the 
silane coupling agent is added below 5 % by weight, strength of layer and adhesion are deteriorated, whereas above 
1 0 % by weight abrasion resistance is deteriorated. 
25 [001 5] Examples of epoxy group-containing coupling agent include 3-glycidoxypropylmethyldimethoxysilane, 3-gly- 
cidoxypropyltrimethoxysilane and 2-(3,4-epoxycyclohexy1) ethyltrimethoxysilane. Examples of amino group-containing 
silane coupling agent include N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane. N-(2-aminoethyl)-3-aminopro- 
pyltrimethoxysilane and 3-aminopropyltriethoxysilane. 

[001 6] As described above, the organopolysiloxane coating of the present invention is produced by hydrolysis and 
30 partial condensation of the blend of the alkoxysilane and the silane coupling containing low alcohol and/or water as sol- 
vent in the presence of an acid catalyst Examples of the low alcohol include methanol, ethanol, isopropanol and buta- 
nol. 

[0017] The organopolysilane coating as reaction product of hydrolysis and partial condensation may contain vinyl 
group-containing silane coupling agents such as vinyltrimethoxysilane and vinyltriethoxysilane. methacryioxy group- 
35 containing silane coupling agents such as 3-methacryloxypropylmethyldimethoxysilane and 3-methacryloxypropyltri- 
methoxysilane in the range not to impair its properties. 

[0018] It is preferable that a curing catalyst containing a butter solution is added to the organopolysiloxane coating 
so as to be able to obtain a cured layer at a temperature of 120 to 140 °C. Examples of curing catalyst include dimeth- 
ylamine, ethanolamine acetate, dimethylaniline formate, benzoic acid tetraethylammonium salt, sodium acetate, 
40 sodium propionate, sodium formate, benzoylacetic acid trimethylammonium salt and tetramethylammonium acetate. 
The curing catalyst is used in the range of 0.1 to 1 parts by weight based on 100 parts by weight of non-volatile matter 
determined according to J IS K5407 in the organopolysiloxane coating. 

[0019] Further, additives such as lubricant, antistatic agent, ultraviolet absorbent and light stabilizer may be added 
to the above-mentioned organopolysiloxane coating. 

45 [0020] As the polycaibonate resin substrate to coat the heat-curing organopolysiloxane coating, polymers pro- 
duced from bisphenol compounds including, typically, 2,2-bis (4-hydroxyphenyi) alkane and 2,2-bis (4-hydraxy-3,5- 
dihalogenophenyt) alkane by a known process are used, and a structural unit(s) derived from fatty acid diol or a struc- 
tural unit(s) having ester bond may be contained in the polymer skelton. The molecular weight ol the polymers is not 
limited. From the viewpoints of extrusion molding and mechanical strength, a viscosity average molecular weight of 

so 10.000 to 50,000 is preferable and a viscosity average molecular weight of 20,000 to 30.000 is more preferable. The 
thickness of the substrate is not limited. The thickness is preferably in the range of 0.1 to 20 mm. 
[0021] If necessary, ultraviolet absorbent, antioxidant, heat stabilizer, fire retardant. antistatic agent, heat ray 
screening agent, etc., may be added to the polycarbonate resin substrate. 

[0022] In order to improve further weather resistance of the polycarbonate resin laminate obtainable in the present 
55 invention, it is preferable to use a polycarbonate resin substrate provided a polycarbonate resin layer containing 1 to 10 
% by weight and preferably 1 to 5 % by weight of ultraviolet absorbent per 100 % by weight of polycarbonate resin on 
the substrate surface. Examples of ultraviolet absorbent to be used include known benzotriazoles. benzophenones, sal- 
icylic acid phenyl esters and triazines, among which triazines to provide excellent absorption effect of wave length to 
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cause most degradation of polycarbonate resin and less evaporation are preferable. 

[0023] The method for providing the polycarbonate resin layer containing ultraviolet absorbent on a surface of a 
polycarbonate resin substrate is not limited. It is preferable to provide the layer according to a co-extrusion method com- 
prising melt extruding ® a polycarbonate resin together with @ a polycarbonate resin containing ultraviolet absorbent 
at the same time. 

[0024] In order to obtain a polycarbonate resin laminate provided a cured layer formed of the above-mentioned 
thermosetting organopolysiloxane coating, known methods such as spraying, immersion, curtain flow and roll coating 
are suitably applied. The cured layer has a thickness of 1 to 10 urn and preferably 2 to 5 urn. The cured layer can be 
obtained by heat curing at a temperature of 1 30 to 1 40 °C for 60 minutes. 

PREFERRED EMBODIMENT OF THE INVENTION 

[0025] The present invention will be described below in more detail, referring to Examples, which are not intended 
to limit the present invention. The word "part" in Examples and Comparative Examples means weight basis. 
[0026] The measurement and evaluation of each property in Examples and Comparative Examples were per- 
formed according the following methods. 



[Weather resistance test] 

+ I0 °?,o ^.n^ eratin9 t6St WaS conducted with a arc type sun shine weather meter according 

to JIS K5400. After 3000 hours (corresponding to ten years of outdoor exposure), both change of yellowness 
index and adhesion were investigated. The change of yellowness index was shown by 
A YU* (yellowness index after test) - (yellowness index before test) . When change of yellowness index was 7 or below 
and adhesion was good, in the present invention, it was judged that the test was passed. 

[Abrasion resistance test] 



[0028] Cloud value was measured after 500 revolutions under 500 g load with Taber's abrasion resistance tester 
loaded with abrasion ring CS-10F according to ASTM 1044. Taber's abrasion resistance (%) was shown by 

A H%= "(cloud value after test)-(cloud value before test)". 

[Adhesion of cured layer] 



[0029] According to JIS K5400, each eleven cut scale divisions toward length and width were drawn on a sample 
surface at intervals of 1 mm with a razor's edge to make one hundred square scale divisions. The sample surface hav- 
ing one hundred square scale divisions was sufficiently adhered with an adhesive cellophane tape Then when the cel- 
lophane tape was drastically peeled off toward this side, the number (X) of square scale division with remained coating 
film without being peeled off was determined. Adhesion was represented as X/100. 

[Heat resistance test] 

[0030] A sample was placed in an oven at 130 <>C for 1 hour and then appearance of the sample and adhesion were 
investigated. When both appearance and adhesion were good, in the present invention, it was judged that the test was 
passed . 



[Boiling resistance test] 



I ° 031 , 1 „ AC ^ rdin9 10 J ' S K54 ° 0, 8 Sample was immereed in h °t boiling water for 2 hours and then appearance of the 

ZS^ZH £J ST 0 ." ^ investi9ated - When 004,1 appearance and adhesion were good, in the present invention, it 
was judged that the test was passed. 



[Determination of non-volatile matter in organopolysiloxane] 



[0032] The determination was performed according to JIS K5407. 
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Example 1 



[Preparation of coating] 



s [0033] 280 parts of isopropanol and 135 parts of a hydrochloric acid aqueous solution were charged into a flask 
and the interior of the flask was maintained to a temperature of 0 to 1 0 °C by ice cooling with stirring and both a mixture 
of 345 parts of methyltriethoxysilane and 75 parts of tetraethoxysilane as alkoxysilane and a mixture of 12 parts of 3- 
glycidoxypropyltrimethoxysilane and 12 parts of N-(2-aminoethyl)3-aminopropyl-triethoxysilane as coupling agent were 
- dropwise added thereto at the same time. After adding, the temperature was maintained at 10 °C and stirring was con- 
10 tinued for 2 hours and then the temperature was raised to 20 to 25 °C with stirring for 2 hours to perform aging. Then 
1 part of tetramethylammonium acetate as curing catalyst was added thereto and pH was adjusted with acetic acid and 
then non-volatile matter was adjusted with isopropanol, whereby an organopolysiloxane coating was obtained. pH ot 
the organopolysiloxane coating thus obtained was 5. 1 and its viscosity @25*C was 8 cP and its non-volatile matter was 



17%. 

[Preparation of polycarbonate resin substrate] 

[0034] 96 parts of a polycarbonate resin, manufactured by Mitsubishi Engineering Plastics k.k., Japan, trade name: 
IUPILON E-2000F as polycarbonate resin for ultraviolet ray resistance layer containing an ultraviolet absorbent and 4 
parts of 2-(4 6-diphenyl-1,3,5-triazinyl)-5-[(hexyl)oxy]-phenol were preliminarly mixed in a tumbler. The polycarbonate 
resin for ultraviolet ray resistance layer thus obtained was extruded with an extruder, provided with 30 mm single axis. 
On the other hand, As a material for substrate, a polycarbonate resin, manufactured by Mitsubishi Engineering Plastics 
k k Japan trade name : IUPILON E-2000U was extruded with an extruder, provided with 65 mm single axis. Both the 
polycarbonate resin for ultraviolet ray resistance layer and the polycarbonate resin for substrate thus extruded was 
again co-extruded with a feed block type co-extruding die, whereby a two-layer laminate sheet with two kinds of layer 
(thickness of laminate : 1.0 mm. thickness of polycarbonate resin layer containing an ultraviolet absorbent : about 50 
*im) was obtained. 

[Preparation of polycarbonate resin laminate provided with a cured layer] 

[0035] The organopolysiloxane coating obtained above was coated on the polycarbonate resin layer containing an 
ultraviolet absorbent in the two-layer laminate sheet obtained above according to a flow coating method so as to form 
a cured layer with a thickness of 2 to 5 urn and cured at 135 °C for one hour, whereby a polycarbonate resin laminate 
provided with a cured layer was obtained. The evaluation result of properties of the polycarbonate resin laminate thus 
35 obtained was shown in Table 1 . 



15 



20 



25 



30 



Example 2 

[0036] The polycarbonate resin laminate provided with a cured layer formed of an organopolysiloxane coating was 
40 obtained in the same manner as in Example 1 except that 88 parts of dimethyldimethoxysilane. 242 parts of methyltri- 
methoxysilane and 88 parts of tetramethoxysilane as alkoxysilane and 22 parts of 3-aminopropyltriethoxysilane as 
silane coupling agent were used. The evaluation result of properties of the polycarbonate resin thus obtained was 
shown in Table 1 . 



45 Example 3 

[0037] The polycarbonate resin laminate provided with a cured layer formed of an organopolysiloxane coating was 
obtained in the same manner as in Example 1 except that 88 parts of dimethyldimethoxysilane, 242 parts of methyltri- 
methoxysilane and 88 parts of tetramethoxysilane as alkoxysilane and 22 parts of 3-glycidoxypropyttrimethoxysilane as 
so coupling agent were used. The evaluation result of properties of the polycarbonate resin thus obtained was shown in 
Table 1. 



Example 4 

55 [0038] The polycarbonate resin laminate provided with a cured layer formed of an organopolysiloxane coating was 
obtained in the same manner as in Example 1 except that 88 parts of dimethyldimethoxysilane. 242 parts of methyltri- 
methoxysilane and 88 parts of tetramethoxysilane as alkoxysilane and 1 1 parts of 3-glycidoxypropyltrimethoxysilane 
and 1 1 parts of 3-aminopropyltriethoxysilane as coupling agent were used. The evaluation result of properties of the 
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polycarbonate resin thus obtained was shown in Table 1 . 
Example 5 
[0039] 



Comparative Example 1 
Comparative Example 2 

[0041 J The polycarbonate resin laminate provided with a cured lavor h, ma H ^ 

obtained in the same manner as in Example 1 ^excep7thT 2 ^rts T^^r^T^^" 9 C ° atng «" 
ethoxysilane as alkoxysi.ane and 1 1 parts of 3-g.ycSoxy^^ 176 »** of te *am- 

ysilane as silane coupling agent were used The immkJZ, rZ„»Z Binoxys ' ane and 1 1 P arte of 3-aminopropyltriethox- 
was shown in Table 2 evaluat.cn resultof propert.esof the polycarbonate resin thus obtained 

25 Comparative Example 3 

[0042] The polycarbonate resin laminate provided with a cured lav^fam^^.^ . .. 
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20 



Example 6 
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45 



&n£e% P ^ 

shi Engineering Ptestics kk, Japan. SSrSS ^ 6 ' eSia man ^ured by Mitsubi- 

2-(4,6-diphenyl-1,3,5-triazin^yl)^ ( n^3-phZ r6Sin SUbstrate and 4 P«* * 

The polycafconate resin contain ng anSvSJ ^aSoment JET*" 1 ^ preliminar * mixed a tumbler. 
65 mm single axis, whereby a sh Jt of ^ZZI^ ^^^Z^^ ^ a " extr ^P^ided with 

layer to the substrate and excellent ab^2S2STJZEL 2 T"* 65 90Od adhesion * cur «* 
in cost and is useful as structural maiwEJS 5aT«rTh^ ^ ChemiCa ' resistanc * and has a merit 
using a primer layer. ° f fl,aSS 03,1 be obta,ned according to a one-coat method without 



so 
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Table 2 



Claims 



Test item 


Comp.Ex.1 


Comp.Ex. 2 


Comp.Ex.3 


Appearance of cured layer 








Initial 

After heat resistance test 
After boiling resistance test 


Crack 
Peeling off 


oracK 

OfaCK 

Peeling off 


good 
good 
Peeling off 


Adhesion of cured layer 








Initial 

After heat resistance test 
After boiling resistance test 


0/100 
0/100 


50/100 
0/100 


0/100 
0/100 


A H% in abrasion resistance test 


1-2 






A Yl in weather resistance test 









1- bl£2 y 5mSng: reSin * ° f *" ^Wlysiloxane coating obtainable from a 

S2.!nT iXlUre ° f ^ lkoxysi,ane presented by the following general formula (1). trifunctional alkox- 

ysriane represented by the following general formula (2) and tetrafunctional alkoxysilane represented by the S- 
towing general formula (3) or a mixture of said trifunctional alkoxysilane and said tetrafunctional alkoxysilane. 



(b) at least one selected from the group consisting of epoxy group-containing silane coupling agent and 
group-containing silane coupling agent, on a surface of a polycarbonate resin substrate? 



amino 



X, 
I 

Si-Y, 
I 



(1) 
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X* 
I 

Y 2 — Si-X 2 (2) 

I 

X 2 



X 8 

I 

X s - Si-Xs (3) 
I 

Xs 



wherein each X, , X 2 and X 3 is an alkoxyl group; and each Y 1 and Y 2 is an alkyl group or an aryl group. 

2. A polycarbonate resin laminate according to claim 1 , wherein each X, and X 2 is an alkoxyl group having 1 to 2 car- 
bon atoms; X 3 is an alkoxyl group having 1 to 3 carbon atoms ; and each Y t and Y 2 is an alkyl group having 1 to 2 
carbon atoms or a phenyl group. 

3. A polycarbonate resin laminate according to claim 1 , wherein said epoxy group-containing silane coupling agent is 
3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropyrtrimethoxysilane or 2-(3,4-epoxycyclohexyl)ethyrtri« 
methoxysilane. 

4. A polycarbonate resin laminate process according to daim 1 , wherein said amino group-containing silane coupling 
agent is N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane, N-(2-aminoethyl)-3-aminopropy!trimethoxysilane 
or 3-aminopropyltriethoxysllane. 

5. A polycarbonate resin laminate according to claim 1 , wherein said blend comprises (a) 0 to 25 % by weight of said 
brfunctional alkoxysilane, 40 to 80 % by weight of said Afunctional alkoxysilane and 10 to 25 % by weight of said 
tetrafunctional alkoxysilane and (b) 5 to 1 0 % by weight of said silane coupling agent and total percentage of bifunc- 
tional alkoxysilane, trrfunctiona! alkoxysilane, tetrafunctional alkoxysilane and silane coupling agent is equal to 100 
% by weight. 

6. A polycarbonate resin laminate according to claim 1 , wherein said organopolysiloxane coating further comprises a 
curing catalyst. 

7. A polycarbonate resin laminate according to claim 6, wherein said curing catalyst is dimethylamine, ethanolamine 
acetate, dimethylaniline formate, benzoic acid tetraethylammonium salt, sodium acetate, sodium propionate, 
sodium formate, benzoylacetic acid trimethylammonium salt or tetramethylammonium acetate. 

8. A polycarbonate resin laminate according to claim 1, wherein said cured layer is a layer formed by heat curing of 
said organopolysiloxane coating. 
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10. A polycarbonate resin laminate according to claim 1, wherein said cured layer has a thickness of 1 to 10 

11 * l P n°H yCarb ° nate r6Sin ,amlnat6 haWng 3 CUred ,ayer formed of an organopolysiloxane coating obtainable from a 
Dieno comprising^ 

(a) a mixture of bifonctional alkoxysilane represented by the following general formula (1), Afunctional alkox- 
ys,lane represented by the following general formula (2) and tetrafunctional alkoxysilane represented £y tneS- 
towjng genera, formula (3) or a mixture of said Afunctional a.koxysilane and saTtetrafunrtional aTko^Sane. 

Se,e l ° ted fr0m } he 9rOUP consistin 9 of ^ 9roup-containing silane coupling agent and amino 
!SS T a,n,n ^ l,ane cou P" n 9 W °n a surface of a polycarbonate resin layer coLming ufraS 
absorbent provided on a surface of a polycarbonate resin substrate; unravioiet 



Y.-Si-Y, (1) 



X 2 



Y 2 -Si-X 2 (2 ) 
I 



x 2 



50 
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X s — Si — X a 



(3) 



10 



Xs 



wherein each X, , X 2 and X 3 is an alkoxyl group; and each Y n and Y 2 is an alkyl group or an aryl group. 

12. A polycarbonate resin laminate according to claim 11, wherein each X t and X 2 is an alkoxyl group having 1 to 2 
carbon atoms; X 3 is an alkoxyl group having 1 to 3 carbon atoms ; and each Y n and Y 2 is an alkyl group having 1 

20 to 2 carbon atoms or a phenyl group. 

13. A polycarbonate resin laminate according to daim 11, wherein said epoxy group-containing silane coupling agent 
is 3-glycidoxypropylmethyldimethoxysilane, 3-glycidoxypropyltrimethoxysilane or 2-(3,4-epoxycyclohexyl)ethyltri- 
methoxysilane. 

25 

14. A polycarbonate resin laminate process according to claim 11, wherein said amino group-containing silane cou- 
pling agent is N-(2-aminoethyl)-3-aminopropylmethyldimethoxysilane, N-(2-aminoethyl)-3-aminopropyltrimethox- 
ysilane or 3-aminopropyltriethoxysilane. 

so 1 5. A polycarbonate resin laminate according to claim 1 1 , wherein said blend comprises (a) 0 to 25 % by weight of said 
bifunctional alkoxysilane, 40 to 80 % by weight of said trifunctional alkoxysilane and 10 to 25 % by weight of said 
tetrafunctional alkoxysilane and (b) 5 to 1 0 % by weight of said silane coupling agent and total percentage of bifunc- 
tional alkoxysilane, trifunctional alkoxysilane, tetrafunctional alkoxysilane and silane coupling agent is equal to 100 
% by weight. 
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